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(54) INK-JET LINE PRINTER AND IMAGE FORMING DEVICE USING IT 



(57) An ink-jet line printer (30) is constituted by mul- 
tiple ink-jet heads (1 -1 to 1 -3). Actuators (3-1 to 3-3) are 
arranged so as to be moved between a home position 
and a print position, and backup mechanisms (2-1 to 
2-3) are arranged at home positions. In this ink-jet line 



printer, the ink-jet heads can be protected and recov- 
ered by backup mechanisms, thus making high-speed 
continuous printing possible. Even though the backup 
mechanisms are incorporated, a compact apparatus 
can still be achieved. 
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Description 

Technical Field 

[0001] The present invention relates to an ink-jet line 
printer which sprays out ink to perform printing and an 
image forming apparatus using the ink-jet line printer 
and, more particularly, to an ink-jet line printer which us- 
es an ink-jet head which performs printing over one line 
at the same time, and an image forming apparatus using 
the ink-jet line printer. 

Prior Art 

[0002] Since an ink-jet printer sprays out, from a noz- 
zle, ink contained in an ink chamber to perform printing, 
a simple structure can be achieved, and color printing 
can be easily performed by changing the colors of inks 
in the ink chamber. 

[0003] A serial type printer is commonly used as such 
an ink-jet printer. In a serial type ink-jet printer, an ink- 
jet head moves along a stay shaft extending from a 
home position (a standby position or a capping position). 
The stay shaft sets a main scanning direction such that 
the surface of a nozzle of an ink-jet head and the printing 
paper are horizontal. While moving along the stay shaft, 
the ink-jet head sprays ink particles from the surfaces 
of the nozzles and performs printing. 
[0004] Since this serial type ink-jet printer performs 
printing on one line while moving the head in the main 
scanning direction, the printing time becomes long, and 
in a field in which high-speed printing is demanded, a 
line ink-jet printer is demanded which performs printing 
over one line at the same time. A conventional line ink- 
jet printer will be described by means of Figs. 33 and 34. 
[0005] As shown in Fig. 34, a full-line type ink-jet head 
128 is arranged such that printing of an entire printing 
width of a sheet of paper 1 00 is performed at the same 
time, and the full-line type ink-jet head 128 performs 
printing 1 1 0 without moving in the main scanning direc- 
tion. The fact that the full-line type ink-jet head 128 is 
constituted as one unit is a factor contributing to an in- 
crease In costs. For example, a single head having 6480 
nozzles needs to be used to perform printing over an 
18-inch width at a printing density of 360 dpi. 
[0006] For this reason, a method has been proposed 
which aligns multiple unit heads to achieve a full-line 
head. For example, a method has been proposed which 
arranges multiple unit heads in a zigzag pattern to con- 
nect the unit heads (for example, Japanese Patent Ap- 
plication Laid-Open (JP-A) No. 11-20175), as well as a 
method which arranges multiple unit heads in a zigzag 
pattern and isolates the unit heads such that the posi- 

i °t tne unit heads can be finely adjusted (JP-A No. 

V * ^6^1,900^0/1 jlMfy, , *,XV*N 

[0007] As shown in Fig! 35, a sKuttfe-type printer has 
also been proposed in which several to over ten heads 
129a to 129d are arranged to cover a printing width of 



a sheet of paper 1 00 and to perform printing in a short 
scanning width (for example, JP-A No. 7-81049). Ac- 
cording to this shuttle method, a printing width covered 
by each individual head diminishes, depending on the 
5 number of printing heads used, and a printing speed can 
thus be improved. 

[0008] However, in the method in which unit heads are 
connected as in Fig. 34, or in the shuttle head shown in 
Fig. 35, if the fixing accuracy of the unit heads is not set 

10 at a high level, defects in printing such as missing dots 
and slanting of lines tend to occur. For example, at 360 
dpi, a dot diameter is 70 u,m, and a pitch of dots con- 
nected by an oblique line is accordingly 70/72 = 49.5 
ujn. In this case, a dot radius is 35 u.m when a half of 

15 the dot pitch is24.8 u,m, whereby a displacement toler- 
ance is no more than about 10 u,m. In general, it is ex- 
tremely difficult to manufacture a printer with a machine 
fixing accuracy of this order. 

[0009] Furthermore, in an ink-jet head, defects easily 
20 occur in the spraying of ink particles, as a result of the 
clogging up of nozzles and the mixing of ink and air bub- 
bles. A backup thus becomes necessary to remedy such 
defects. However, installation of a backup mechanism 
for recovering a line head or a shuttle head, of defects 
25 in the spraying of ink particles caused by the clogging 
up of nozzles or by the mixing of ink and air bubbles, 
itself requires a home position for the entire head. There 
is accordingly a risk that the apparatus may need to be 
increased in size, or may become unnecessarily com- 
30 plicated. 

SUMMARY OF THE INVENTION 

[0010] The present invention accordingly provides an 
35 ink-jet line printer and an image forming apparatus 
which protect and recover the surfaces of nozzles of ink- 
jet heads, even when the ink-jet line printer is of a full- 
line type. 

[001 1] The invention has as another object to provide 
40 an ink-jet line printer and an image forming apparatus 
which can easily arrange backup mechanisms for ink- 
jet heads, even when the ink-jet line printer is of a full- 
line type. 

[001 2] The invention has as still another object to pro- 
45 vide an ink-jet line printer and an image forming appa- 
ratus which can easily and compactly achieve a backup 
of ink-jet heads, even when the ink-jet line printer is of 
a full-line type. 

[0013] The invention has as still another object to pro- 
so vide an image forming apparatus which can easily im- 
part a color printing function to a h igh-speed electropho- 
tographic printer. 

[001 4] The invention has as still another object to pro- 
vide an ink-jet line printer and an image forming appa- 
55 ratus which can elongate the life span of ink-jet heads, 
even when the ink-jet line printer is of a full-line type. 
[0015] The invention has as still another object to pro- 
vide an ink-jet line printer and an image forming appa- 
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ratus which make it easy to arrange the positioning of 
ink-jet heads, even when the ink-jet line printer is a full- 
tine type ink-jet printer constituted by multiple ink-jet 
heads. 

[0016] The ink-jet line printer according to the inven- 5 
tion accordingly includes: multiple ink-jet heads ar- 
ranged to cover multiple printing regions divided in a line 
direction of a printing medium and having multiple noz- 
zles for spraying ink in the line direction; a backup mech- 
anism, arranged at a home position on a side of the print- 1 o 
ing medium, for protecting and recovering the nozzles 
of the multiple ink-jet heads; an actuator which moves 
the ink-jet heads in the line direction between the home 
position and predetermined print positions in the line di- 
rection; and a controller which, when a printing opera- 15 
tion is to be performed in the line direction, positions the 
ink-jet heads at predetermined print positions in the line 
direction and performs printing by spraying ink while re- 
maining in a stationary state, and which moves the ink- 
jet heads to the home position to enable the backup 20 
mechanism to protect and recover the nozzles. 
[001 7] In the invention, in an ink-jet line printer having 
multiple ink-jet heads which divide the printing medium 
region into multiple regions in a width direction and per- 
form printing in these regions while remaining station- 25 
any, the ink-jet heads are designed to move between the 
home position set on a side of the printing medium and 
printing positions. For this reason, even when the ink- 
jet line printer is a full-line ink-jet printer, the backup 
mechanism arranged at the home position can prevent 30 
the surfaces of nozzles of the ink-jet heads from becom- 
ing dry and from being affected by dust and can elimi- 
nate air bubbles in the nozzles, whereby a small-size 
and high-speed line type ink jet printer can be provided. 
[0018] The nozzles of the heads can be recovered in 35 
the event of defects in spraying and thus a highly reliable 
line type ink-jet printer can be provided. Due to provision 
for a backup mechanism for the ink nozzles, a line type 
ink-jet printer can be provided which can be easily main- 
tained. 40 
[0019] In the invention, preferably, the backup mech- 
anism has caps covering the surfaces of the nozzles of 
the ink-jet heads and a purging mechanism which purg- 
es the insides of caps. In this manner, with a single 
mechanism, the drying of the nozzles of the ink-jet 45 
heads can be prevented and the elimination of air bub- 
bles and the like can be achieved. 
[0020] In the invention, preferably, the actuator is con- 
stituted by multiple guide rails for guiding the ink-jet 
heads in the line direction, and multiple stages for mov- so 
ing the ink-jet heads along the guide rails of the ink-jet 
heads. In this manner, individual ink-jet heads can be 
isolated and moved between the home position and 
printing positions. 

[0021] In the invention, preferably, the stages have a 55 
first actuator for moving the ink-jet heads in the line di- 
rection, and a second actuator for moving the ink-jet 
heads in a direction perpendicular to the line direction. 



In this manner, displacements between the ink-jet heads 
can also be corrected. 

[0022] In the invention, preferably, on a conveyance 
path positioned opposite to the surfaces of the nozzles 
of the ink-jet heads, a tension imparting unit is provided 
that imparts tension to the printing medium. Accordingly, 
clearance between the surfaces of the nozzles of the 
ink-jet heads and the printing medium can be assured 
at a fixed level, and high printing quality can be main- 
tained even in the case of high-speed printing. 
[0023] In the invention, preferably, the controller 
measures continuous printing times of the ink-jet heads 
at a printing position. When a continuous printing time 
is longer than a predetermined set time, the controller 
moves the ink-jet heads from the printing position to the 
home position, recovers the nozzles by means of the 
backup mechanism, and moves the ink-jet heads back 
to the printing position. 

[0024] In this manner, even in the case of continuous 
printing, defects in printing can be anticipated and pre- 
vented, and reliability of continuous printing can be en- 
hanced. 

[0025] In the invention, preferably, the ink-jet line 
printer further includes covers covering the caps, and a 
drive mechanism for opening the covers when the ink- 
jet heads are located at the position of a cap. In this way f 
the cap can also be protected from paper powder or 
dust, and afu notion of protecting the surfaces of the noz- 
zles of the ink-jet heads can be further enhanced. 
[0026] In the invention, preferably, an image pickup 
mechanism is arranged on the downstream side of the 
ink-jet heads for reading results of printing by the print- 
ing medium, and the controller analyzes the results read 
by the image pickup mechanism. By detecting faults in 
the nozzles of the ink-jet heads, it becomes possible to 
detect defects in the nozzles at an early stage. 
[0027] In the invention, preferably, when a defect in 
the nozzles is detected, the controller moves the ink-jet 
heads from a printing position to the home position, per- 
forms a recovery operation on the nozzles by means of 
the backup mechanism, and moves the ink-jet heads 
backto a printing position. In this manner, defects in noz- 
zles are detected, recovery operations are automatically 
performed, and a printing operation can be restarted. 
[0028] In the invention, preferably, home positions for 
the backup mechanism are set on both sides of the print- 
ing medium, and the ink-jet line printer can accordingly 
be reduced in size. 

[0029] Further, in the invention, the home positions 
set on both sides of the printing medium can be opposed 
to each other on opposite sides of the printing medium, 
and the ink-jet line printer can accordingly be further re- 
duced in size. 

[0030] In the invention, preferably, the controller 
measures frequencies of ink spraying of the ink-jet 
heads and on the basis of the results alternates the print- 
ing positions of the ink-jet heads in relation to each oth- 
er. Loads on the ink-jet heads are accordingly spread 
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out and the life spans of the ink-jet heads can accord- 
ingly be extended. 

[0031] In the invention, preferably, the controller 
measures frequencies of ink spraying by the nozzles of 
the ink-jet heads and on the basis of differences be- 5 
tween frequencies of ink spraying by nozzles of ink-jet 
heads at the same position alternates printing positions 
of the ink-jet heads. Accurate spreading out of loads of 
ink-jet heads accordingly becomes possible. 
[0032] In the invention, preferably, an image pickup 
mechanism is arranged on the downstream side of the 
ink-jet heads for reading results of printing by the print- 
ing medium. The controller analyzes the results read by 
the image pickup mechanism, measures displacements 
of the multiple ink-jet heads, and controls the stages to 
correct displacements of the ink-jet heads. Accordingly, 
even in the case of a line printer in which ink-jet heads 
are movable, displacements of ink-jet heads can be re- 
duced and print quality can be improved. 
[0033] In the Invention, preferably, on the basis of the 
results read by the image pickup mechanism, the con- 
troller measures inclinations of ink-jet heads In rotating 
directions and controls the stages to correct inclinations 
of the ink-jet heads. Fixing accuracies of the multiple 
ink-jet heads can accordingly be automatically correct- 
ed and a fixing operation becomes a simple matter. 
[0034] In the Invention, preferably, on the basis of the 
results read by the Image pickup mechanism, the con- 
troller measures displacements of the ink-jet heads in 
both line and conveyance directions, and controls the 
stages to correct displacements of the ink-jet heads. 
Mechanical errors in the multiple ink-jet heads can thus 
automatically be corrected, and fixing accuracies ad- 
justed, and it becomes easy both to manufacture and to 
fix the heads. 

[0035] In addition, a color image forming apparatus 
according to the invention includes: an image forming 
mechanism which forms on a printing medium a toner 
image of a first color; and an ink-jet line printer which by 
spraying ink of a second color performs printing at the 
same time over a line of the printing medium crossing a 
convey direction of the printing medium. The ink-jet line 
printer includes: multiple ink-jet heads arranged to cover 
multiple printing regions divided in a line direction of the 
printing medium and having multiple ink spraying noz- 
zles in the line direction; a backup mechanism, arranged 
at a home position on a side of the printing medium, for 
protecting and recovering the nozzles of the multiple ink- 
jet heads; an actuator which moves the ink-jet heads in 
the line direction between the home position and prede- 
termined printing positions in the line direction; and a 
controller which for a printing operation in the line direc- 
tion positions the ink-jet heads the predetermined print- 
ing positions in the line direction, performs printing by 
spraying ink while remaining in a stationary state, and 
when a printing operation is not about to be performed 
moves the ink-jet heads to the home position, thus en- 
abling the backup mechanism to protect and recover the 



nozzles. 

[0036] In this manner, the ink-jet line printer is added 
to an image forming mechanism which performs high- 
speed printing, and color printing can easily be per- 
formed while high-speed printing is maintained by the 
image forming mechanism. The printing medium is di- 
vided into multiple regions in a width direction, and the 
ink-jet line printer is constituted by multiple ink-jet heads 
which perform printing for regions while remaining in a 
stationary condition. The ink-jet heads are moved be- 
tween the home position set on a side of the printing 
medium and the printing positions. For this reason, even 
when the ink-jet line printer is a full-line ink-jet printer, 
the backup mechanism arranged at the home position 
can prevent the surfaces of the nozzles of the ink-jet 
heads from becoming dry or being affected by dust, can 
also eliminate air bubbles in the nozzles, and can recov- 
er the nozzles of the heads in the event of defects in 
spraying occurring. Due to this, a color image forming 
apparatus can be provided which has high reliability and 
is capable of performing continuous printing. 
[0037] In the invention, preferably, a control mecha- 
nism is provided which controls the image forming 
mechanism according to one printing instruction from a 
host computer and transmits to the controller another 
instruction to make the ink-jet line printer start printing, 
which another instruction being included in the one print- 
ing instruction. In this manner, the ink-jet line printer can 
easily be incorporated into the image forming mecha- 
nism. 

[0038] In the invention, preferably, the image forming 
mechanism is an electrophotographic mechanism, so 
that a color printing function can easily be imparted while 
high-speed printing is performed. In the invention, pref- 
erably, the printing medium is a continuous form, so that 
continuous printing can be easily achieved. 

BRIEF DESCRIPTION OF THE DRAWINGS 
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40 [0039] 

Fig. 1 is a diagram showing the configuration of an 
ink-jet line printer according to an embodiment of 
the present invention. 
45 Fig. 2 is a diagram for explaining a printing opera- 
tion of the ink-jet line printer in Fig. 1 . 
Fig. 3 is a perspective view of the ink-jet head in 
Fig. 1. 

Fig. 4 is a sectional view of the ink-jet head in Fig. 1 . 
so Fig. 5 is a diagram showing the configuration of a 
stage in Fig. 1 . 

Fig. 6 is an upper view of Fig. 2 in a printing opera- 
tion. 

Fig. 7 is a view showing a positional relationship be- 
55 tween the ink-jet heads of Fig. 6. 

Fig. 8 is a diagram showing the configuration of a 
backup mechanism in Fig. 1. 
Fig. 9 is a diagram for explaining an operation of the 
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backup mechanism in Fig. 8. 

Fig. 10 is a sectional view of a paper tension plate 

in Fig. 1. 

Fig. 11 is an upper view of the paper tension plate 
in Fig. 10. 

Fig. 12 is a diagram showing the configuration of a 
color image forming apparatus according to an em- 
bodiment of the invention. 

Fig. 13 is a diagram showing the configuration of a 
color image forming apparatus according to another 
embodiment of the invention. 
Fig. 1 4 is a block diagram of the color image forming 
apparatus according to the embodiment of the in- 
vention. 

Fig. 1 5 is a control flow chart of the ink-jet line printer 
according to the invention during activation of the 
apparatus. 

Fig. 1 6 is a control flow chart of the ink-jet line printer 
according to the invention during activation of print- 
ing. 

Fig. 1 7 is a control flow chart of the ink-jet line printer 
according to the invention during a spray operation. 
Fig. 1 8 is a control flow chart of the ink-jet line printer 
according to the invention at the end of a printing 
job. 

Fig. 1 9 is a control flow chart of the ink-jet line printer 
according to the invention during a clogging test. 
Fig. 20 is a diagram showing the configuration of an 
ink-jet line printer which performs the operation of 
Fig. 19. 

Fig. 21 is a diagram showing the configuration of an 
ink-jet line printer according to another embodiment 
of the invention. 

Fig. 22 is a diagram for explaining an operation of 
the ink-jet line printer in Fig. 21 . 
Fig. 23 is a diagram for explaining alternating con- 
trol of a head arrangement of the ink-jet line printer 
according to the invention. 

Fig. 24 is a flow chart of an alternating control proc- 
ess of the ink-jet line printer arrangement in Fig. 23. 
Fig. 25 is a flow chart of another alternating control 
process of the ink-jet line printer arrangement in Fig. 
23. 

Fig. 26 is a spraying distribution diagram of the noz- 
zles for explaining an operation of alternating con- 
trol of the ink-jet line printer arrangement in Fig. 23. 
Fig. 27 is a spraying distribution diagram of the noz- 
zles in the alternating control of the ink-jet line print- 
er arrangement in Fig. 23. 

Fig. 28 is a diagram showing a configuration of head 
inclination correction of the ink-jet line printer ac- 
cording to the invention. 

Fig. 29 is a diagram for explaining operation of head 
inclination correction of the ink-jet line printer ac- 
cording to the invention. 

Fig. 30 is a diagram showing a configuration of dis- 
placement correction between the heads of the ink- 
jet line printer according to the invention. 
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Fig. 31 is a diagram for explaining operation of dis- 
placement correction between the heads of the ink- 
jet line printer according to the invention. 
Fig. 32 is a flow chart of a head inclination correction 
process of the ink-jet line printer in Fig. 28. 
Fig. 33 is a flow chart of a process of displacement 
correction between the heads of the ink-jet line 
printer in Fig. 30. 

Fig. 34 is a diagram for explaining a first conven- 
tional ink-jet line printer. 

Fig. 35 is a diagram for explaining a second con- 
ventional ink-jet line printer. 

DETAILED DESCRIPTION OF THE INVENTION 



[0040] Embodiments of the present invention will be 
described in the order named: an ink-jet line printer, an 
image forming apparatus, control of the ink-jet line print- 
er, another ink-jet line printer, alternating control of ar- 
20 rangement of ink-jet heads, positional adjustment of ink- 
jet heads, and other embodiments. 

[Ink-jet Line Printer] 

25 [0041] Figs. 1 and 2 are diagrams showing configura- 
tions of an ink-jet line printer. Fig. 1 shows a state in- 
which ink-jet heads are located at a home position, and 
Fig. 2 shows a state in which the ink-jet heads are lo- 
cated at a printing position. 

30 [0042] As shown in Fig. 1 , three guide rails 4-1 to 4-3 
are arranged in the width direction of a printing medium 
7 such as a sheet of paper. Stages 3-1 to 3-3 to which 
ink-jet heads 1-1 to 1-3 are fixed are arranged on the 
guide rails 4-1 to 4-3, respectively. The ink-jet heads 1 -1 

35 to 1 -3 are arranged on the stages 3-1 to 3-3, respective- 
ly, such that the surfaces of the nozzles face downward. 
The stages 3-1 to 3-3 move along the guide rails 4-1 to 
4-3, respectively. 

[0043] At home positions shown in Fig. 1 , head caps 
40 2-1 to 2-3 are arranged. At the home positions, the head 
caps 2-1 to 2-3 cover the surfaces of the nozzles of the 
head caps 2-1 to 2-3 to protect the nozzles orto perform 
cleaning of the nozzles. 

[0044] Before a detailed explanation of Figs. 1 and 2 
45 is given, the constituent elements of a line type ink-jet 
printer will be described below. Fig. 3 is a perspective 
view of the ink-jet head 1-1, and Fig. 4 is a sectional 
view of the ink-jet head. 

[0045] As shown in Fig. 3, on a nozzle plate 41 , a large 
so number of nozzle holes 42a to 42d are formed. A pres- 
sure chamber plate 44 forms a large number of ink 
chambers 45a to 45d. A piezoelectric element 43 is 
joined to the pressure chamber plate 44 by a joint mem- 
ber 46, and deformed by application of voltage, thereby 
55 exerting pressure on the ink chambers 45a to 45d of the 
pressure chamber plate 44 by way of the joint member 
46. The nozzle plate 41 is joined to the pressure cham- 
ber plate 44 and to the piezoelectric element 43 such 
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that the nozzle holes 42a to 42d correspond to the ink 
chambers 45a to 45d t respectively. 
[0046] As shown in Fig. 4, in addition to the ink cham- 
ber 45, a common ink holder 451 and an ink supply path 
470 are formed in the pressure chamber plate 44. Ink 
media are supplied, through the ink supply paths 470, 
from the common ink holder 451 to the ink chamber 45 
of the nozzles. 

[0047] On the piezoelectric element 43 serving as a 
means of pressure generation, common electrode lay- 
ers 48a to 48c and independent electrodes 49a to 49c 
are stacked. When a voltage is applied to the electrodes, 
piezoelectric element layers 47a to 47e positioned be- 
tween the electrodes are displaced, pressure is applied 
on the ink chamber 45, and ink particles are sprayed 
from the nozzle holes 42. 

[0048] The ink-jet head 1-1 in Figs. 3 and 4 is a pie- 
zoelectric type ink-jet head using a piezoelectric ele- 
ment as a means of pressure generation. However, a 
bubble type ink-jet head using a heat generation ele- 
ment as a means of pressure generation can also be 
applied. 

[0049] Fig. 5 is a sectional view of the stage 3-1 . The 
stage 3-1 has an X actuator 304 which is guided to the 
guide rail 4-1 to move the ink-jet head 1-1 in an exten- 
sion direction X of the guide rail 4-1 , a Y actuator 302 
which is arranged on the X actuator 304 to move the ink- 
jet head 1-1 in a paper convey direction Y perpendicular 
to the direction X, and a 6 actuator 300 which rotates 
the ink-jet head 1-1 on a paper surface. In Fig. 5, the 
ink-jet head 1-1 is fixed to the 6 actuator 300 such that 
the surface of the nozzle (the nozzle plate 41 in Figs. 3 
and 4) is opposite to the sheet of paper 7. 
[0050] Fig. 8 is a diagram showing a configuration of 
elements at the home position. At this position, are pro- 
vided a cover 5 covering the cap 2-1 , an opening/closing 
mechanism 1 6 which opens/closes the cover 5, a cap 
drive mechanism 1 4 which moves the cap 2-1 vertically, 
a purging pump 12 which performs purging inside the 
cap 2-1 , and a discharge tube 6 which connects the cap 
2-1 to the purging pump 12. 

[0051] Fig. 1 shows a state in which the ink-jet heads 
1 -1 to 1 -3 are located at home positions of the head. In 
a standby state, or in a long-term stationary state, the 
ink-jet heads 1 -1 to 1 -3 are moved back to home posi- 
tions of the heads in a paper width direction, and, at the 
home positions of the head, as shown in Fig. 9, the sur- 
faces of the nozzles of the ink-jet heads 1-1 to 1-3 are 
covered with the head caps 2-1 to 2-3, respectively. 
[0052] In this manner, the surfaces of the nozzles and 
the holes of the nozzles of the ink-jet heads 1-1 to 1-3 
are protected from external environmental factors such 
as drying and dust. Before printing, the ink-jet heads 1 -1 
to 1-3 spray inks from the holes of the nozzles in the 
direction of the head caps 2-1 to 2-3, respectively, to 
counter both clogging up of the nozzles and air bubbles, 
thereby refreshing meniscus surfaces of the nozzle. The 
ink-jet heads 1 -1 to 1 -3 accordingly move to printing po- 



sitions on the upper surface of the sheet of paper 7. 
[0053] Fig. 2 shows a state in which the ink-jet heads 
1 -1 to 1 -3 have moved to printing positions of the heads. 
During printing,^ the ink-jet heads 1-1 to 1-3 are con- 
5 veyed to printing positions of the heads, due to the stag- 
es 3-1 to 3-3 moving along the guide rails 4-1 to 4-3, 
respectively. 

[0054] Fig. 6 shows printing positions of the ink-jet 
heads 1-1 to 1-3. In the examples in Figs. 1 and 2, the 

to three ink-jet heads are used. For this reason, the area 
of the sheet of paper 7 is divided into three regions W 1 
to W3 in a width direction, the ink-jet heads 1-1,1-2, and 
1-3 are positioned such that the ink-jet heads 1-1 , 1-2, 
and 1-3 are responsible for the regions W1, W2, and 

15 W3, respectively. The ink-jet heads 1 -1 to 1 -3 are set in 
stationary states and perform printing for the corre- 
sponding printing regions W1 to W3. 
[0055] For this reason, the ink-jet heads 1-1 to 1-3 
have a number of nozzles, which corresponds to the 

20 widths of the regions and is based on a printing density. 
For example, it is assumed that a sheet of paper 7 is an 
18-inch continuous form and that the printing density is 
360 dpi. In this case, 6480 dots are required for printing 
the entire width of the sheet of paper 7. For this reason, 

25 the ink-jet heads 1 -1 to 1 -3 must respectively print 21 60 
dots, that is 1/3 of 6480 dots. 

[0056] Specifically, in order to perform printing in the 
corresponding printing regions in a stationary state, the 
ink-jet heads 1-1 to 1-3 need to have a minimum of 2160 

30 nozzles. This line of nozzles may be constituted by a 
single line or by a zigzag line. The number of heads and 
the number of nozzles on the heads are not limited to 
the above figures and can be appropriately selected on 
the basis of a printing density required, the width of the 

35 region corresponding to the paper, and the number of 
heads set. 

[0057] In addition, Fig. 7 shows configurations of noz- 
zle pitches when viewed from surfaces of nozzles. A 
nozzle pitch B and a nozzle pitch C represent the nozzle 

40 pitches of the respective heads 1-1 and 1-2. When two 
or more heads are aligned as line type heads and are 
used, the nozzle pitches B and C are of equal length, 
unless there are special reasons otherwise. 
[0058] Moreover, the printing positions of the heads 

45 1 -1 and 1 -2 must be arranged such that the nozzle pitch 
C between heads is equal to the nozzle pitch B. Specif- 
ically, the printing positions of the ink-jet heads 1-1 to 
1-3 are set to obtain a positional relationship between 
the nozzle holes 42, as shown in Fig. 7. 

so [0059] When the ink-jet heads 1 -1 to 1 -3 in Fig. 2 are 
located at printing positions, the head caps 2-1 to 2-3 
are protected by the covers 5 shown in Fig. 8, simulta- 
neous with the ink-jet heads 1 -1 to 1 -3 moving, such that 
the surfaces of the head caps, which surfaces are in 

55 contact with the surfaces of the nozzles of the ink-jet 
heads 1-1 to 1-3, are prevented from contamination by 
paper powder or the like, and that the insides of the cap 
are prevented from being affected by dust. Specifically, 
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the cap 2-1 is moved down by the cap drive mechanism 
1 4, and the upper surface of the cap 2-1 is covered with 
the cover 5 by means of the open ing/closing mechanism 
1 6. In this manner, surfaces of the nozzles and the holes 
of the nozzles of the ink-jet heads 1 -1 to 1 -3 can be pro- 
tected from contamination, by means of avoiding con- 
tamination of the head caps 2-1 to 2-3. 
[0060] In addition, as will be described below, when a 
defect in ink spray is detected during printing, the oper- 
ations of the ink-jet heads 1 -1 to 1 -3 are rapidly stopped, 
and faulty ink-jet heads 1-1 to 1-3 are moved back to 
home positions by the stages 3-1 to 3-3, respectively. 
As shown in Fig. 9, at the home positions, the surfaces 
of the nozzles of the ink jet heads are covered with the 
head caps 2-1 to 2-3, respectively, and purging of dis- 
charging air bubbles or a recovery operation of spraying 
or the like are performed. Thereafter, the ink-jet heads 
1-1 to 1-3 are again returned to the printing positions. 
[0061] As shown in Fig. 8, the purging pump 1 2 is con- 
nected to the head caps 2-1 to 2-3 through the ink dis- 
charge tube 6, so that purging (a purging operation) can 
be undertaken by a controller, or by a pressure sensor, 
and the like, to execute a discharge sequence. In addi- 
tion, inks in the spray operations of the heads are dis- 
charged from the head caps 2-1 to 2-3 by the discharge 
tube 6 to a waste ink tank arranged on the exterior of 
the head caps 2-1 to 2-3. 

[0062] Figs. 10 and 11 are sectional and upper views 
of a paper tension plate of the ink-jet printer. In a printing 
region of an ink-jet head 1 , when a clearance between 
the sheet of paper 7 and the surfaces of the nozzles of 
the ink-jet head 1 varies due to wrinkles in the paper, 
fluttering of the paper, or the like, ink dot diameters and 
dot pitches change, thus causing a deterioration in print- 
ing quality. In particular, when a sheet of folding paper 
is used as the sheet of paper 7, the clearance tends to 
change easily in a folding position such as a perforated 
line or the like. 

[0063] In order to prevent clearance from being 
changed, a paper tension plate 8 having a convex con- 
veyance surface is arranged under the ink-jet head 1 
such that the sheet of paper 7 is always conveyed in a 
state of maintained tension. In addition, a pair of paper 
pressing rollers 9 are arranged at the front and rear of 
the convex portion in a paper conveyance direction such 
that the sheet of paper 7 is pressed against the convey- 
ance surface (plate 8). The number of paper pressing 
rollers 9 and arrangement intervals between the paper 
pressing rollers 9, a pressing pressure, and the like are 
optimally set on the basis of the conditions of the appa- 
ratus. 

[0064] Even when the sheets of folding paper (contin- 
uous forms) 7 are conveyed by the paper tension plate 
8 at a high speed, print quality can be prevented from 
deteriorating, and increased speed can be provided for 
a line type ink-jet printer that has high reliability and is 
easy to maintain. 

[0065] In this manner, a printing medium is divided in- 



to multiple regions in a width direction, multiple ink-jet 
heads are arranged to perform printing for the regions 
while remaining stationary, and the ink-jet heads are 
moved between home positions and printing positions 

s set on the sides of the printing medium. For this reason, 
even in a full-line ink-jet printer, the surfaces of the noz- 
zles of heads in stationary states can be prevented from 
becoming dry or being affected by dust, and a compact 
line type ink-jet printer with a high speed can be provid- 

10 ed. 

[0066] In the event of defects in spraying, the nozzles 
of heads can be recovered, and a highly reliable line 
type ink jet printer can be provided. Since an ink dis- 
charge mechanism is incorporated, a line type ink-jet 

15 printer can be provided which can be easily maintained. 
In addition, since a cover which protects the upper sur- 
face of a cap is arranged with a capacity to open and 
close, a highly reliable line type ink-jet printer can be 
provided in which heads can be prevented from becom- 

20 jng contaminated. Furthermore, since a conveyance 
surface is formed which maintains a clearance between 
the nozzle of a head and a printing medium, a line type 
ink-jet printer can be provided which can prevent print- 
ing quality from deteriorating and which produces a high 

25 quality of print. 

[Image Forming Apparatus] 

[0067] Fig. 1 2 is a diagram showing a configuration of 
30 an image forming apparatus according to an embodi- 
ment of the invention. Fig. 13 is a diagram showing a 
configuration of an image forming apparatus according 
to another embodiment of the invention. As shown in 
Figs. 12 and 13, the image forming apparatus comprises 
35 an electrophotographic page printer 20 and an ink-jet 
line printer 30, and performs color printing on continu- 
ous-form paper 7. 

[0068] In Fig. 1 2, the ink-jet line printer 30 is arranged 
on the downstream side of the electrophotographic 

40 page printer 20. After the electrophotographic page 
printer 20 performs printing on the continuous-form pa- 
per 7 in a single color, the ink-jet line printer 30 performs 
printing in other colors on the continuous-form paper 7. 
[0069] In Fig. 1 3, the ink-jet line printer 30 is arranged 

45 on the downstream side of the electrophotographic 
page printer 20. After the ink-jet line printer 30 performs 
printing on the continuous-form paper 7 in a single color, 
the electrophotographic page printer 20 performs print- 
ing in other colors on the continuous-form paper 7. 

so [0070] The electrophotographic page printer 20 is 
constituted by an electrophotographic engine 24 made 
up by a well known electrophotographic mechanism 
having a photosensitive drum 26. Specifically, in accord- 
ance with a known electrophotographic process, the 

55 electrophotographic engine 24 forms a toner image on 
the photosensitive drum 26, and transfers the toner im- 
age on the photosensitive drum 26 to the continuous- 
form paper 7 which is continuously fed by a tractor con- 
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veyahce mechanism. The sheet of paper is subjected 
to heat or flash light by a fixing unit 28, and the toner on 
the paper 7 is melted and fixed on the paper 7. 
[0071] The electrophotographic page printer 20 can 
perform printing at a high speed on the continuous-form 
paper 7. However, when multi-color printing is per- 
formed by an electrophotographic page printer, an elec- 
trophotographic mechanism including photosensitive 
drums of various colors must be arranged, thereby mak- 
ing the structure complex. In addition, since the posi- 
tions of toners of various colors must be adjusted, high- 
speed printing cannot be performed easily. 
[0072] On the other hand, the ink-jet line printer 30 
has a simple structure, and high-speed printing can be 
performed within a short period of time. However, when 
continuous printing is performed, the states of the noz- 
zles change depending on the frequences with which 
the nozzles spray inks. For this reason, a sequence for 
recovering the states of the nozzles is required, and in 
consequence high-speed continuous printing cannot 
easily be performed over a long period of time. 
[0073] Forthis reason, in this embodiment, among the 
colors used for color printing, a color used for a large 
amount of print data is handled by the electrophoto- 
graphic page printer 20, and a color used for a small 
amount of print data is handled by the ink-jet line printer 
30, whereby high-speed color printing can be achieved. 
For example, printing in black can be performed by the 
electrophotographic page printer 20, and printing in red 
and blue can be performed by the ink-jet line printer 30. 
Preferably, in document printing, printing of characters 
or the like in black is performed by the electrophoto- 
graphic page printer 20, and partial printing in red and 
blue is performed by the ink-jet line printer 30. 
[0074] In the example in Fig. 12, since the ink-jet line 
printer 30 is arranged on the downstream side of the 
electrophotographic page printer 20, after the toner im- 
age is fixed on the paper 7, ink-jet printing is performed. 
For this reason, an ink image obtained by the ink-jet 
printing does not affect the transfer or the fixing of the 
toner image of the electrophotographic page printer 20. 
[0075] Fig. 1 4 is a block diagram of the image forming 
apparatus in Fig. 12. As shown in Fig. 14, the electro- 
photographic page printer 20 comprises the electropho- 
tographic engine 24 in Fig. 1 2, an electronic mechanical 
controller 22 which controls the electrophotographic en- 
gine 24, and an apparatus controller 42 which controls 
the entire image forming apparatus. 
[0076] On the other hand, the ink-jet line printer 30 
comprises an ink-jet engine 34 (the ink-jet heads 1-1 to 
1-3, the head caps 2-1 to 2-3, and the stages 3-1 to 3-3 
in Fig. 1 ) and an ink-jet controller 32 which controls the 
ink-jet engine 34. 

[0077] * The apparatus controller 42 is connected to a 
host computer 40, and receives from the host computer 
40 a printing instruction, to develop the printing instruc- 
tion into bitmap data. The apparatus controller 42 trans- 
fers to the ink-jet controller 32 bitmap data to be printed 



by the ink-jet engine 34 (bitmap data of a color to be 
printed). The ink-jet controller 32 controls ink-jet engine 
34 on the basis of the bitmap data and prints an image 
on the paper 7. 
5 [0078] The apparatus controller 42 transfers to the 
electrophotographic mechanical controller 22 bitmap 
data to be printed by the electrophotographic engine 24 
(bitmap data of a color to be printed). The electrophoto- 
graphic mechanical controller 22 controls the electro- 
10 photographic engine 24 on the basis of the bitmap data, 
and prints an image on the paper 7. 
[0079] In this manner, an ink-jet line printer is added 
to an electrophotographic printer which performs high- 
speed printing, and color printing can be easily per- 
15 formed while high-speed printing is maintained by the 
electrophotographic printer. 

[Control of Ink-jet Line Printer] 

[0080] Control of the ink-jet line printer will next be de- 
scribed in the following order: during activation of the 
apparatus, during activation of printing, during spraying, 
at the end of a printing job and during detection of noz- 
zles which are not spraying. All these operations are ex- 
ecuted by the ink-jet controller 32 shown in Fig. 14. 
[0081] Fig. 1 5 is a control flow chart of the ink-jet line 
printer according to the invention during activation of the 
apparatus. 

[0082] (S1 0) When a main switch is turned on, the ink- 
jet line printer waits for a printing instruction. 
[0083] (S12) When the ink-jet line printer receives the 
printing instruction, the ink-jet line printer decides 
whether or notthe printing instruction includes ink print 
data (data to be printed by ink-jet heads). When the 
printing instruction does not include ink print data, hold- 
ing of capping is maintained. Specifically, as shown in 
Fig. 1 , in a condition such as a standby state or a long- 
term stationary state, the ink-jet heads 1-1 to 1-3 are 
moved back to home positions of the head in a paper 
width direction, and the surfaces of the nozzles of the 
ink-jet heads 1-1 to 1 -3 are covered with the head caps 
2-1 to 2-3, respectively at the home positions of the 
head, as shown in Fig. 9. In this manner, the surface of 
nozzles and the holes of nozzles of the ink-jet heads 1 -1 
to 1 -3 are protected from external environmental factors 
such as drying and dust. 

[0084] (S14) On the other hand, when the printing in- 
struction includes ink print data, purging of the insides 
of the head caps 2-1 to 2-3 covering the surfaces of the 
nozzles of the ink-jet heads 1-1 to 1 -3 is performed by 
the purging pump 12, and the inks are forcibly purged 
from the nozzles of the ink-jet heads 1-1 to 1-3. This is 
called a purging operation. Specifically, even when cap- 
ping is held, when the ink-jet line printer is not driven for 
a predetermined period of time, there is a risk that the 
nozzles may become clogged up. Forthis reason, inks 
are forcibly purged from the nozzles to counter the clog- 
ging up of the nozzles. 
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[0085] (S16) After purging has been performed for a 
predetermined period of time, as shown in Fig. 8, the 
head caps 2-1 to 2-3 are separated from the surfaces 
of the nozzles of the ink-jet heads 1-1 to 1-3, respec- 
tively. As shown in Fig. 2, the ink-jet heads 1-1 to 1-3 5 
are moved to printing positions on the upper surface of 
the paper 7. At this time, the surfaces of the nozzles of 
the ink-jet heads 1-1 to 1-3 are wiped out (a process 
called wiping) by wipers 70 arranged at the ends of the 
head caps 2-1 to 2-3, and the surfaces of the nozzles 
are cleaned. 

[0086] Specifically, as shown in Fig. 2, the ink-jet 
heads 1-1 to 1-3 are conveyed to the printing positions 
of the heads by moving the stages 3-1 to 3-3 along the 
guide rails 4-1 to 4-3, respectively. At the printing posi- 
tions, the ink-jet heads 1-1 to 1-3 stop to print the ink 
print data. 

[0087] A transition process from a standby state to a 
printing state will be described below in accordance with 
Fig. 16. 

[0088] (S20) In the standby state in Fig. 1 , when the 
ink-jet line printer receives a printing instruction, the ink- 
jet line printer decides whether or not the printing in- 
struction includes ink print data (data printed by the ink- 
jet heads). When the printing instruction does not have 
ink print data, capping holding is maintained. Specifical- 
ly, as shown in Fig. 1 , in a condition such as a standby 
state or a long-term stationary state, the ink-jet heads 
1-1 to 1-3 are moved back to home positions of heads 
in a paper width direction, and at the home position of 
the heads, as shown in Fig. 9 the surfaces of the nozzles 
of the ink-jet heads 1-1 to 1 -3 are covered with the head 
caps 2-1 to 2-3, respectively. In this manner, the surfac- 
es of nozzles and the holes of nozzles of the ink-jet 
heads 1-1 to 1-3~are protected from external environ- 
mental factors such as drying and dust 
[0089] (S22) On the other hand, when the printing in- 
struction includes the ink print data, the head caps 2-1 
to 2-3 covering the surfaces of the nozzles of the ink-jet 
heads 1 -1 to 1 -3 are separated from the surfaces of the 
nozzles of the ink-jet heads 1-1 to 1-3. The nozzles of 
the ink-jet heads 1-1 to 1-3 are driven to spray ink par- 
ticles (a process called spraying). Specifically, before 
printing, ink particles are sprayed from the nozzles to 
initialize the states of the holes of the nozzles. 
[0090] (S24) As shown In Fig. 2, the ink-jet heads 1-1 
to 1 -3 are conveyed to printing positions of the heads 
by moving the stages 3-1 to 3-3 along the top of the 
guide rails 4-1 to 4-3, respectively. At the printing posi- 
tions, the ink-jet heads 1-1 to 1-3 stop to print the ink 
print data. 

[0091 ] A spraying process in printing will be described 
below in accordance with Fig. 17. 
[0092] (S30) As shown in Figs. 15 and 16, while the 
ink-jet heads 1 -1 to 1 -3 stop at printing positions to per- 
form printing of ink print data, a continuous printing time 
for the ink-jet heads 1-1 to 1-3 is measured, and it is 
decided whether the continuous printing time is Y min- 



utes or more. Specifically, when the ink-jet heads 1 -1 to 
1 -3 are continuously driven, the frequencies with which 
the nozzles are driven vary depending on the ink print 
data, and some nozzles are not driven at all . If such noz- 
zles are allowed to be idle for a long period, while other 
nozzles are driven continuously, the idle nozzles may 
become clogged up, or air bubbles may be generated. 
For this reason, a period of continuous printing is regu- 
lated within the predetermined Y minutes. 
[0093] (S32) When a continuous printing time ex- 
ceeds Y minutes, printing is completed in units of for- 
mats (pages). As shown in Fig. 1 , the ink-jet heads 1-1 
to 1-3 are moved back by the stages 3-1 to 3-3 to the 
home positions of the heads in a paper width direction. 
[0094] (S34) In a state in which the head caps 2-1 to 
2-3 are separated from the surfaces of the nozzles of 
the the ink-jet heads 1-1 to 1-3, the nozzles of the ink- 
jet heads 1-1 to 1-3 are driven and ink particles are 
sprayed out from each nozzle. Specifically, after contin- 
uous printing for a predetermined time, ink particles are 
sprayed from the nozzles to initialize the states of the 
holes of the nozzles. 

[0095] (S36) As shown in Fig. 2, the ink-jet heads 1-1 
to 1-3 are moved back by the stages 3-1 to 3-3 to the 
printing positions of the heads along the top of the gu ide 
rails 4-1 to 4-3, respectively. At the printing positions, 
the ink-jet heads 1 -1 to 1 -3 stop to restart printing of the 
ink print data. 

[0096] A process at the end of a printing job will be 
described below with reference to Fig. 18. 
[0097] (S40) In Figs. 15, 16, and 17, at the printing 
positions, the ink-jet heads 1-1 to 1-3 stop to print the 
ink print data. When one printing job has been complet- 
ed, it is determined whether or not to proceed to the next 
job by continuing with printing the ink print data. For ex- 
ample, when notice of a printing schedule is received 
from an operator or from a host computer of the printer, 
it can be determined whether or not to proceed to the 
next job and continue printing the ink print data. When 
printing is not to be continuously performed, the control 
flow shifts to step S44. 

[0098] (S42) When printing is to be continuously per- 
formed, it is determined from the printing schedule 
whether or not a standby time of a head at a printing 
position of the head is X minutes or longer before the 
starting time of the next job. When a standby time is 
long, there is a risk of the nozzles becoming clogged up 
due to drying or the like. For this reason, the standby 
time is limited to a predetermined period, i.e., X minutes. 
When the standby time does not exceed X minutes, the 
heads remain on standby at printing positions, and after 
the standby time has elapsed, printing is connected. 
[0099] (S44) When the standby time exceeds the X 
minutes, as shown in Fig. 1 , the ink-jet heads 1-1 to 1-3 
are moved back by the stages 3-1 to 3-3, respectively, 
to the home positions of the heads in a paper width di- 
rection. The head caps 2-1 to 2-3 are brought into con- 
tact with the surfaces of the nozzles of the ink-jet heads 
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1-1 to 1-3, respectively, to cap the nozzles of the ink-jet 
heads 1-1 to 1-3, in order to protect the nozzles from 
drying and dust. 

[01 00] Detection and recovery processes for a nozzle 
which is not spraying will be described below with refer- 
ence to Figs. 19 and 20. 

[0101] (S50) In Figs. 15 to 18, while the ink-jet heads 
1 -1 to 1 -3 are stationary at printing positions to print the 
ink print data, continuous printing time for the ink-jet 
heads 1-1 to 1-3 is measured, and it is determined 
whether the continuous printing time is a predetermined 
Z (Z > Y) minutes or longer. Specifically, when the ink- 
jet heads 1 -1 to 1 -3 are continuously operated, the fre- 
quencies with which the nozzles are driven vary, de- 
pending on the ink print data, and some nozzles are not 
driven at all. if such nozzles are allowed to be idle for a 
long time, while other nozzles are continuously operat- 
ed, there is a risk of the idle nozzle becoming clogged 
up. For this reason, a continuous printing time is limited 
to the predetermined period, i.e., Z minutes. 
[0102] (S52) When the continuous printing time ex- 
ceeds Z minutes, printing is completed in units of for- 
mats (pages). 

[0103] (S54) Next, the ink-jet heads 1-1 to 1-3 are 
made to print a test pattern. For example, all the nozzles 
are driven. As shown in Fig. 20, a line sensor 18 is ar- 
ranged on the upstream side of the paper 7 in the con- 
veyance direction. The line sensor 18 detects ink dots 
on all the nozzles on the paper 7 and performs photo- 
electric conversion. On the basis of a photoelectric con- 
version output, the ink-jet controller 32 described above 
determines whether or not inks have been sprayed from 
all the nozzles. Specifically, the ink-jet controller 32 de- 
termines whether or not there is a nozzle which has not 
been spraying ink. When a nozzle that has not been 
spraying ink does not exist, the control flow returns to 
step S50 in order to recommence printing. 
[0104] (S56) On the other hand, when a nozzle does 
exist which has not been spraying ink, only the ink-jet 
heads 1-1 to 1-3 that have such a nozzle are moved 
back by the stages 3-1 to 3-3, respectively, to the home 
positions of the heads in a paper width direction. The 
head caps 2-1 to 2-3 are brought into contact with the 
surfaces of the nozzles of the ink-jet heads 1-1 to 1-3, 
purging of the insides of the head caps 2-1 to 2-3 is per- 
formed by the purging pump 1 2 and the inks are forcibly 
purged from the nozzles of the ink-jet heads 1 -1 to 1 -3. 
Specifically, when a nozzle is clogged up, forcible purg- 
ing is performed to eliminate the clogging up of the noz- 
zle. 

[0105] (S58) After purging has been performed for a 
predetermined period of time, as shown in Fig. 8, the 
head caps 2-1 to 2-3 are separated from the surfaces 
of the nozzles of the ink-jet heads 1-1 to 1-3, respec- 
tively. As shown in Fig. 2, the ink-jet heads 1-1 to 1-3 
are moved to printing positions on the upper surface of 
the paper 7. At this time, the surfaces of the nozzles of 
the ink-jet heads 1-1 to 1-3 are wiped out by the wipers 



70 arranged at the ends of the head caps 2-1 to 2-3 (a 
process called wiping) shown in Fig. 2, and the surfaces 
of the nozzle are cleaned: 

[0106] Specifically, as shown in Fig. 2, the ink-jet 
s heads 1 -1 to 1 -3 are conveyed by the stages 3-1 to 3-3 
moving along the top of the guide rails 4-1 to 4-3, re- 
spectively, to printing positions of the heads. The control 
flow returns to step S54 to print again a test pattern at 
the printing positions. This operation is repeated until 
10 such time as a nozzle which is not spraying ink no longer 
exists. 

[0107] The line sensor 18 in Fig. 20 may, in order to 
detect results of printing in regions in a width direction 
of the papers, be a line sensor having a width equal to 
'5 the paper width 7, or alternatively may be a line sensor 
having a width equal to or smaller than the paper width, 
which can move in the paper width direction. Further, 
the test pattern may be printed over not only a single 
line but also over multiple lines. When the test pattern 
is printed over multiple lines, the test pattern may be 
printed to cover only every other nozzle which is being 
driven. In this manner, printing, protection, and recovery 
control of the ink-jet heads constituting the line printer 
are performed by making use of printing positions and 
home positions. 

[Another Ink-jet Line Printer] 

[0108] Figs.21 and 22 are upper views of another em- 
bodiment of a ink-jet line printer according to the inven- 
tion. Fig. 21 shows a state in which heads are located 
at home positions, and Fig. 22 shows a state in which 
heads are located at print positions. 
[0109] In this embodiment, home positions for the 
heads are set on both sides of the paper 7. Specif ically, 
as shown in Fig. 21 , home positions (cap mechanisms) 
2-L for the ink-jet heads 1 -1 and^1 -2 are set on the left 
side of the paper 7, and home positions (cap mecha- 
nisms) 2-R for the heads 1-3, 1-4, and 1-5 are set on 
the right side of the paper 7. 

[0110] As shown in Fig. 22, at the print positions, the 
ink-jet heads 1 -1 and 1 -5 are set at the left and right 
ends of the paper 7 along the guide rail 4-1 , the ink-jet 
head 1 -3 is set at the center of the paper 7 along the 
guide rail 4-3, and the ink-jet heads 1-2 and 1-4 are set 
at positions between the center and the left and right 
ends, respectively, along the guide rail 4-2. 
[01 1 1] With the above configuration, five ink-jet heads 
can be arranged in regions arranged in the paper con- 
veyance direction, as shown in Fig. 1 . Assuming that a 
sheet of paper 7 is an 1 8-inch continuous form and that 
the printing density is 360 dpi, 6480 dots are required 
for printing the entire width of the sheet of paper 7. In 
this case, therefore, the number of nozzles on each of 
the ink-jet heads 1-1 to 1-5 may be 1296, equal to 1/5 
of the 6480 dots. Specifically, even when ink-jet heads 
with a small number of nozzles are used, which can be 
easily manufactured, the area occupied by the appara- 
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tus as a whole is prevented from being increased. 
[0112] In addition, when the ink-jet heads have multi- 
ple colors and the ink-jet heads having nozzles, ar- 
ranged in multiple lines, for spraying inks of multiple 
colors are to be mounted, the above configuration is ad- 
vantageous in the sense that it obviates the necessity 
for an increase in scale of the apparatus. 

[Control for alternating Arrangement of an Ink-jet Head] 

[0113] In the ink-jet line printer, arrangements of ink- 
jet heads at printing positions are controlled in order to 
spread out the loads placed on individual nozzles. Since 
the life spans of ink-jet heads are determined by the 
number of times that the nozzles are driven, when indi- 
vidual nozzles are frequently driven, the life spans of the 
heads themselves are correspondingly shortened. 
[01 14] In the ink-jet line printer according to the inven- 
tion, advantage is taken of the fact that the ink-jet heads 
can be moved in the width direction of the paper, thus 
alternating the arrangements of the heads and spread- 
ing out loads. 

[0115] Figs. 23A to 23C are diagrams illustrating ar- 
rangements for alternating control of the ink-jet heads 
according to the invention. Fig. 23A shows a line printer 
in which two ink-jet heads 1-1 and 1-2 are arranged to 
cover the entire paper width. Heads with the same spec- 
ifications are used for the heads 1 -1 and 1 -2. The heads 
1-1 and 1-2 are arranged such that the heads 1-1 and 
1-2 print images in both the left and the right regions, 
respectively in the paper conveyance direction, so that 
the heads 1 -1 and 1 -2 cover printing over the entire area 
of the paper 7. — 

[0116] In Fig. 23C, the arrangements of the heads 1-1 
and 1 -2 are alternated, with the ink-jet head 1 -1 printing 
an image in the right region in the paper conveyance 
direction, and the ink-jet head 1-2 printing an image in 
the left region. At a certain point in time, the arrange- 
ments illustrated in Fig. 23 A are modified into the ar- 
rangements of heads illustrated in Fig. 23C, so that 
loads on specific nozzles (heads) returned to printing 
regions are spread out, and an apparatus with a long 
life span can be obtained. As an alternative timing, it is 
effective that, when the heads 1 -1 and 1 -2 have moved 
to home positions, as shown in Fig. 23B, and then return 
to printing positions, the positions of the heads are 
changed, as shown in Fig. 23C. 
[0117] For example, when the heads are arranged in 
the initial state, as illustrated in Fig. 23A, a predeter- 
mined pattern is printed. As shown in Fig. 23B, the 
heads 1 -1 and 1 -2 move to home positions for a spray 
operation in the middle of printing, or to protect a head 
after the end of printing. When the heads return from 
home positions to positions corresponding to the print- 
ing state, in order to reduce the load on any given noz- 
zle, in the light of the number of times that the nozzles 
have been used for spraying, and of pattern data ready 
for printing, the positions of the heads 1-1 and 1-2 are 



alternated as shown in Fig. 23C, and printing is started. 
When it appears that a load is no longer acting on the 
nozzle in question, as shown in Fig. 23A, printing may 
be performed in the initial state. 
5 [01 1 8] Fig. 24 is a control flow chart of arrangements 
for alternating control of a head according to an embod- 
iment of the invention. 

[01 19] (S60) The numbers of times during one job that 
the nozzles of the heads 1-1 and 1-2 have been used 

10 for spraying are measured during printing. After printing 
of one job has been completed, the number of times that 
each nozzle has been used for spraying is recorded. 
[0120] (S62) Variations are calculated between the 
previous printing job and the current printing job, of the 

is number of times that spraying has been performed by 
nozzles of the same position numbers in the heads 1 -1 
and 1 -2(the same positions in the heads). It is then de- 
termined whether or not a difference in the number of 
times that spraying has been performed is a set number 

20 of spraying times, i.e., "n" or more or not. When the dif- 
ference between the number of spraying times is small- 
er than "n", the next job is printed with the existing ar- 
rangements of heads. 

[0121] (S64) When the difference between the 
25 number of spraying times is "n" or more, the printing po- 
sitions of the heads 1-1 and 1-2 are alternated at the 
start of the subsequent printing. 

[0122] Fig. 25 is a control flow chart of arrangements 
for alternating control of heads according to another em- 

30 bodiment of the invention. 

[0123] (S66) During the printing of one job, the 
number of times that the nozzles of the heads 1-1 and 
1-2 have been used for spraying is measured as and 
when necessary. Variations between numbers of times 

35 that nozzles of the same position number in the heads 
1-1 and 1-2 (the same positions in the heads) have ef- 
fected spraying are calculated as and when necessary 
during printing, and each time it is determined whether 
a difference between numbers of spraying times is a set 

40 number of spraying times, i.e. n or more. When a differ- 
ence between the number of spraying times is smaller 
than "n", the next job is printed with the existing arrange- 
ments of heads. 

[0124] (S68) When the number of times that nozzles 
45 of the same position number have been used for spray- 
ing is a set number of spraying times, i.e. n or more, the 
heads 1-1 and 1-2 are moved to home positions. The 
printing positions are then alternated, and printing is re- 
started. When a timing at which the heads 1-1 and 1-2 
so move to the home positions coincides with times at 
which spraying is periodically performed, a loss of print- 
ing time can be advantageously eliminated. 
[0125] Fig. 26 is a graph showing a distribution of the 
numbers of occasions that each nozzle of each head 
55 has been used for spraying during printing, in circum- 
stances where the positions of the heads 1-1 and 1-2 
have not been alternated. As far as the head 1 -1 is con- 
cerned, for example, the number of times that nozzles 
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Nos.5 and 6 were used for spraying is extremely small, 
but, on the other hand, the number of times that nozzle 
No.1 was used for spraying is large, exceeding a set 
value of a life span (in this case, 49 billion). For this rea- 
son, the head must be replaced. As for the head 1 -2,in 
the case of all the nozzles the number of times that noz- 
zles were used for spraying did not attain the set value 
of a life span, and the number of times that nozzle No. 
1 was used for spraying was not as large as in the case 
of the head 1-1 . 

[01 26] Fig. 27 is a graph showing a distribution of the 
number of times that nozzles of the heads were used 
for spraying when at a certain period of time the posi- 
tions of nozzles of the ink-jet head 1-1 and the ink-jet 
head 1 -2 were alternated, under the same conditions as 
those illustrated in Fig.26. In the example in Fig. 26, the 
number of times that nozzle No. 1 of the head 1-1 was 
used for spraying exceeds a set value of a life span. 
However, as shown in Fig. 27, when the positions of the 
heads 1 -1 and 1 -2 were alternated, the number of times 
that nozzle No. 1 was used for spraying was smaller 
than the set value of a life span. 
[0127] The number of times that the heads 1-1 and 
1 -2 are used for spraying can thus be maintained at the 
same level, and an apparatus with a long life span can 
thus be achieved. In this example, two ink-jet heads 
have constituted the line printer. However, even when 
three or more ink-jet heads constitute the ink-jet line 
printer, the arrangements of the ink-jet heads can be al- 
ternated in the same way. 

[01 28] In this manner, when arrangements of multiple 
ink-jet heads are alternated on the basis of the number 
of times that nozzles have been used for spraying and 
on the basis of print data, a load on any given nozzle 
(head) is reduced, and an apparatus with a long life span 
can be achieved. 

[0129] As for timings at which alternation of arrange- 
ments should be executed, appropriate timings might be 
the end of one printing instruction, a spray timing, or the 
timing of the turning on of a main switch. Decisions may 
be taken on the basis of a frequency of use on the part 
of a user, and on the basis of print data, and the like. 
Loads on individual heads can thus be minimized, and 
an apparatus with a long life span can be achieved. 

[Positional Adjustment of Ink-jet Heads] 

[0130] In the ink-jet line printer according to the inven- 
tion, in order to arrange multiple ink-jet heads in the 
width direction, the ink-jet heads must be aligned. As 
methods of alignment, an alignment in a rotating direc- 
tion between the heads, and an alignment in horizontal 
and vertical directions between the heads, can be used. 
Since these alignments cannot be easily performed by 
visual adjustment because of high resolution, the align- 
ments are automatically performed as follows. 
[0131] Fig. 28 is a diagram for explaining an embod- 
iment of an alignment of the ink-jet heads according to 



the invention, and Fig. 29 is a diagram for explaining the 
alignment operation. 

[0132] As shown in Fig. 28, four ink-jet heads 1-1 to 
1-4 constitute. a*line printer. The printing ranges of the • 

5 ink-jet heads 1-1 to 1-4 are respectively equal to the 
printing surfaces arranged. The ink-jet heads 1 -1 to 1 -4 
do not move in a main scanning direction for printing. 
Although in this embodiment the ink-jet heads 1-1 to 1-4 
are aligned in a zigzag pattern, the ink-jet heads 1-1 to 

10 1 -4 may be aligned according to other patterns. 

[0133] The ink-jet heads 1-1 to 1-4 stop at arrange- 
ment positions and print a test pattern as shown in Fig. 
29. Results of printing 51 a to 51 d are printed on the pa- 
per 7. 

is [0134] A CCD camera 50 is installed on the down- 
stream side of the ink-jet heads 1 -1 to 1 -4 in a sub-scan- 
ning direction of the paper 7. In this embodiment, the 
CCD camera 50 can be moved in the main scanning 
direction of the paper 7. Alternatively, multiple CCD 

20 cameras 50 may also be arranged, so that the CCD 
cameras 50 may be installed between each head. 
[01 35] The CCD camera 50 first reads the results 51 a 
to 51 d printed by the ink-jet heads 1-1 to 1-4. The ink- 
jet controller 32 checks the inclination accuracies of 

25 each head on the basis of the output read, feeds back 
the inclination accuracies to the stages 3-1 to 3-4 of the 
heads 1-1 to 1-4, and thus corrects the inclinations of 
the heads. 

[0136] Fig. 29 is an image captured by the CCD cam- 
so era 50, and shows inclinations of printing caused by the 
inclinations of the fixed ink-jet heads 1-1 and 1-2. The 
inclinations 61 and G2 of the heads 1-1 and 1-2 are an- 
alyzed on the basis of the images 51a and 51b and in- 
clination correction values of the heads 1 -1 and 1-2 are 
35 calculated. The G actuators 300 (see Fig. 5) of the stag- 
es 3-1 and 3-2 are driven to correct inclinations gener- 
ated when the heads 1 -1 and 1 -2 were fixed. As for the 
heads 1 -3 and 1 -4, the same operation as that described 
above can be performed. 
40 [0137] After the correction, a test pattern is again 
printed to reconfirm results of adjustment in a rotating 
direction. Upon completion of the adjustment in the ro- 
tating direction, as will be described later in accordance 
with Fig. 30, printing is again performed, and adjust- 
45 ments are made to displacements of the heads in both 
the main scanning direction and the sub-scanning direc- 
tion. 

[01 38] As shown in Fig. 30, the same test patterns 52a 
to 52d are printed by each of the ink-jet heads 1 -1 to 1 -4 
50 which have been corrected in rotating directions. The 
CCD camera 50 moves to an image-capturing position 
and reads images of joint portions in the printing ranges 
of each head. Fig. 31 is an image captured by the CCD 
camera 50, and shows printing errors caused by dis- 
ss placements of intervals between the ink-jet heads 1-1 
to 1-4. 

[0139] On the basis of the images 52a and 52b re- 
spectively, the ink-jet controller 32 analyzes a displace- 
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ment dx in the main scanning direction and a displace- 
ment dy in the sub-scanning direction, and calculates 
displacement correction values. The ink-jet controller 32 
drives the Y actuators 302 and the X actuators 304 (see 
Fig. 5) of the stages 3-1 to 3-4 of the ink-jet heads 1 -1 s 
to 1-4, and adjusts the displacements of the heads in 
both the main scanning direction and the sub-scanning 
direction. 

[0140] For example, in terms of positional adjustment, 
by using the ink-jet head 1-1 as a yardstick, and taking 10 
into due consideration the magnitude of movement by 
which the head 1 -2 has been corrected, a correction val- 
ue of the head 1-3 is calculated, and taking into due con- 
sideration the correction values of the heads 1 -2 and 
1 -3, a correction value of the head 1 -4 is calculated. 15 
[0141] Fig. 32 is a flow chart of a correction process 
of a rotational error of the ink-jet head, as illustrated in 
Figs. 28 and 29.lt should be noted that Fig. 32 shows 
an embodiment in which one CCD camera 50 is ar- 
ranged for capturing an image. 20 
[01 42] (S20 1 ) An adjustment process is started on the 
basis of an instruction to adjust in a rotating direction. 
[01 43] (S202) The ink-jet heads 1 -1 to 1 -4 print a test 
pattern. 

[0144] (S203) As a pointer to the number of headers, 25 
the number of headers "n" (4 in Fig. 28) is set. 
[0145] (S204) A reference head pointer m is initialized 
as°1". 

[0146] (S205) It is determined whether or not the ref- 
erence head pointer m is smaller than the number of 30 
heads n. When the reference head pointer m is not 
smaller than the number of heads n, the control flow 
shifts to step S21 2 to end -the process. 
[0147] (S206) When the reference head pointer m is 
smaller than thenumber of heads n, the CCD camera 35 
50 is moved to a position set in advance by the pointer 
m. 

[0148] (S207) The CCD camera 50 captures an im- 
age. 

[0149] (S208) An inclination 6 = X° of an ink-jet head 40 
is calculated on the basis of an analysis of image data 
captured. 

[0150] (S209) An absolute value I6I of the inclination 
and a tolerable inclination (for example, 0.1°) are com- 
pared. When the absolute value does not satisfy I9I > 45 
0.1 °, the control flow shifts to step S21 1 . 
[0151] (S210) When the absolute value does satisfy 
IGI > 0.1 °, the G actuator 300 of the stage is driven at a 
correction value 6' = -X° to perform rotational correction. 
[0152] (S21 1) The reference head pointer m is incre- so 
mented by "1 the control flow returns to step S205, and 
the next ink-jet head is corrected. 
[0153] Fig. 33 is a flow chart of a correction process 
of the positions of the heads in both the main scanning 
direction and a sub-scanning direction after the inclina- 55 
tions of the ink-jet heads have been corrected. As in the 
above description, Fig. 33 shows a case in which an op- 
eration is performed by a single CCD camera. 



[01 54] (S221 ) An adjustment process is started on the 
basis of instructions to adjust in both main and sub- 
scanning directions. 

[0155] (S222)The ink-jet heads 1-1 to 1-4 print a test 
pattern. 

[0156] (S223) As a pointer to the number of heads, 
the number of heads "n" (4 in Fig. 30) is set. 
[0157] (S224) The reference head pointer m is initial- 
ized as "1". 

[0158] (S225) It is determined whether or not the ref- 
erence head pointer m is smaller than the number of 
heads n. When the reference head pointer m is not 
smaller than the number of heads n, the control flow 
shifts to step S234 to end the process. 
[0159] (S226) When the reference head pointer m is 
smaller than the number of heads n, the CCD camera 
50 is moved to a position set in advance by the pointer 
m. 

[0160] (S227) The CCD camera 50 captures an im- 
age. 

[0161] (S228) Displacements dx and dy of the ink-jet 
heads in the main and sub-scanning directions are cal- 
culated on the basis of an analysis of the image data 
captured. 

[0162] (S229) An absolute value Idxl of the displace- 
ment in the main scanning direction and a tolerable dis- 
placement (for example, 10[ujn]) are compared. When 
the absolute value Idxl does not exceed the tolerable 
displacement, the control flow shifts to step S231 . 
[0163] (S230) When the absolute value Idxl does ex- 
ceed the tolerable level of displacement, the X actuator 
304 of the stage of the head is driven at a correction 
value dx' = -a to correct the positions in the main scan- 
ning direction. 

[0164] (S231) An absolute value Idyl of the displace- 
ment in the sub-scanning direction and a tolerable dis- 
placement (for example, 10[jim]) are compared. When 
the absolute value Idyl does not exceed the tolerable 
level of displacement, the control flow shifts to step 
S233. 

[0165] (S232) When the absolute value is Idxl > 1 0, 
the Y actuator 302 of the stage is driven at a correction 
value dy* = -b to perform rotational correction. 
[01 66] (S233) The reference head pointer m is incre- 
mented by "1 ". The control flow returns to step S225 to 
correct the next ink-jet head. 

[0167] When there is no needforthe inclination direc- 
tions of each head to be analyzed on the basis of as- 
sembly accuracy, a method can also be used of adjust- 
ing only displacements in the main scanning and sub- 
scanning directions. In addition, when the images 51a, 
51b, 52a, and 52b to be captured are magnified, the in- 
clinations 6 and displacement dx and dy of the heads 
can be simultaneously detected, analyzed, and adjust- 
ed. In addition, when an output during printing is ob- 
served depending on the basis of the number of CCD 
cameras, printing deficiencies can be detected early, 
and measures to remedy defects in printing can be tak- 
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en at an early stage. 

[0168] As has been described above, in a line printer 
that performs printing by using multiple ink-jet heads, a 
system is incorporated which observes and analyzes re- 
sults of printing and adjusts displacements of the heads 
on the basis of feedback. For this reason, the heads do 
not require a high degree of fixing accuracy, and a fixing 
operation of heads can be easily performed. As for print 
quality, missing characters and high-density parts 
caused by double printing can be avoided. 

[Another Embodiment] 

[0169] Although the printing medium has been de- 
scribed above as continuous-form paper, the invention 
can also be applied to a cut medium. The printing me- 
dium is not limited to paper, and the printing medium 
may be made of other materials. Moreover, the image 
forming apparatus has been described as a page print- 
er. However, the invention can also be applied to a cop- 
ying machine, a facsimile, or the like. 
[0170] The number of ink-jet heads constituting one 
line can be appropriately selected depending on the 
width of a printing medium, a resolution required, the 
cost of the heads, and the like. In short, two or more 
heads can be used. 

[0171] In addition, the ink-jet heads may include not 
only nozzles for a single color but also nozzles for mul- 
tiple colors. 

[0172] The invention has been described with refer- 
ence to the embodiments. However, various modifica- 
tions can be effected without departing from the spirit 
and scope of the invention. These modifications are not 
excluded from the spirit and scope of the invention. 

[Industrial Potentiality] 

[0173] Multiple ink-jet heads constitute an ink-jet line 
printer, the ink-jet heads are designed to move between 
home positions and printing positions, and a backup 
mechanism is arranged at the home positions. For this 
reason, in the ink-jet line printer, the ink-jet heads can 
be protected and recovered by the backup mechanism, 
thus making it possible to perform high-speed continu- 
ous printing. Furthermore, even when a backup mech- 
anism is incorporated, the apparatus can be kept com- 
pact. 



Claims 

1. An ink-jet line printer which, by spraying ink, per- 
forms in a single operation printing of an entire line 
of a printing medium crossing a conveyance direc- 
tion of the printing medium, comprising: 

a plurality of ink-jet heads arranged to cover a 
plurality of printing regions divided in a line di- 



rection of the printing medium and having a plu- 
rality of ink spraying nozzles arranged in the 
line direction; 

a backup* mechanism, arranged at a home po- 
5 sition oh a side of the printing medium, for pro- 

tecting and recovering the nozzles of the plu- 
rality of ink-jet heads; 

an actuator which moves the ink-jet heads in 
the line direction between home positions and 
16 predetermined printing positions in the line di- 

rection; and 

a controller which, when a printing operation is 
to be performed in the line direction, positions 
the ink-jet heads at predetermined print posi- 
15 tions in the line direction, performs printing by 

ink jet printing while remaining stationary, and, 
at a time when a printing operation is not about 
to take place, moves the ink-jet heads to home 
positions, thus enabling the backup mecha- 
20 nism to protect and recover the nozzles. 

2. The ink-jet line printer according to claim 1 , wherein 
the backup mechanism has caps covering surfaces 
of the nozzles of the ink-jet heads, and a purging 

25 mechanism which performs purging of the insides 
of the caps. 

3. The ink-jet line printer according to claim 1 , wherein 
the actuator is constituted by a plurality of guide rails 

30 that guide the ink-jet heads towards the line direc- 
tion, and a plurality of stages that move the ink-jet 
heads along the guide rails of the ink-jet heads. 

4. The ink-jet line printer according to claim 3, wherein 
35 the stages have a first actuator that moves the ink- 
jet heads in the line direction, and a second actuator 
that moves the ink-jet heads in a direction perpen- 
dicular to the line direction. 

40 5. The ink-jet line printer according to claim 1, wherein, 
on a conveyance path opposite to surfaces of the 
nozzles of ink-jet heads, a tension imparting unit is 
provided that imparts tension to the printing medi- 
um. 

45 

6. The ink-jet line printer according to claim 1 , wherein 
the controller measures continuous printing times 
of the ink-jet heads at the predetermined printing 
positions, moves the ink-jet heads from the printing 

50 positions to the home positions when the continu- 
ous printing time is longer than a predetermined set 
time, recovers the nozzles by means of the backup 
mechanism, and restores the ink-jet heads to the 
printing positions. 

55 

7. The ink-jet line printer according to claim 2, further 
comprising covers covering the caps and a drive 
mechanism that opens the covers when the ink-jet 
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heads are located at positions of the caps. 

8. The ink-jet line printer according to claim 1 , wherein 
an image pickup mechanism is arranged on a down- 
stream side of the ink-jet heads, and reads results 
of printing on the printing medium, and 

the controller analyzes the results of printing 
read by the image pickup mechanism and detects 
faults in nozzles of the ink-jet heads. 

9. The ink-jet line printer according to claim 8, wherein, 
when faults in nozzles have been detected, the con- 
troller moves the ink-jet heads from printing posi- 
tions to home positions, performs an operation of 
recovering the nozzles by means of the backup 
mechanism, and restores the ink-jet heads to the 
printing positions. 

10. The ink-jet line printer according to claim 1 , wherein 
home positions for the backup mechanism are set 
on both sides of the printing medium. 

11 . The ink-jet line printer according to claim 1 0, where- 
in the home positions set on both sides of the print- 
ing medium are opposed to each other on opposite 
sides of the printing medium. 

12. The ink-jet line printer according to claim 1 , wherein 
the controller measures frequencies of ink spraying 
by the ink-jet heads and, based on the results ob- 
tained, alternates the printing positions of the ink- 
jet heads. 

1 3. The ink-jet line printer according to claim 1 2, where- 
in the controller measures frequencies of ink spray- 
ing by the nozzles of the ink-jet heads and ,on the 
basis of variations between a previous printing job 
and a current printing job in frequencies of ink 
spraying by individual nozzles at the same positions 
of the ink-jet heads, alternates printing positions of 
the ink-jet heads. 

14. The ink-jet line printer according to claim 2, wherein 
an image pickup mechanism is arranged on the 
downstream side of the ink-jet heads, which image 
pick-up mechanism reads results of printing on the 
printing medium, and the controller analyzes results 
of printing read by the image pickup mechanism, 
measures displacements of the plurality of ink-jet 
heads, and corrects the displacements of the ink- 
jet heads by controlling the stages. 

15. The ink-jet line printer according to claim 14, where- 
in, on the basis of the results of printing read by the 
image pickup mechanism, the controller measures 
inclinations of the ink-jet heads in rotating directions 
and corrects the inclinations of the ink-jet heads by 
controlling the stages. 



1 6. The ink-jet line printer according to claim 1 4, where- 
in, on the basis of the results of printing read by the 
image pickup mechanism, the controller measures 
displacements of lines formed by the ink-jet heads 

s and displacements in conveyance directions, and 
corrects the displacements of the ink-jet heads by 
controlling the stages 

17. An image forming apparatus which forms an image 
10 in a plurality of colors on a printing medium, com- 
prising: an image forming mechanism which forms 
a toner image of a first color on the printing medium; 
and 

an ink-jet line printer which, by spraying ink of 
is a second color, performs in a single operation print- 
ing of an entire line of the printing medium crossing 
a conveyance direction of the printing medium, 

wherein the ink-jet line printer includes: 

20 a plurality of ink-jet heads arranged to cover a 

plurality of printing regions divided in a line di- 
rection of the printing medium and having a plu- 
rality of ink spraying nozzles arranged in the 
line direction; 

25 a backup mechanism, arranged at a home po- 

sition on a side of the printing medium, which 
back-up mechanism protects and recovers the 
. nozzles of the plurality of ink-jet heads; 
an actuator which moves the ink-jet heads in 

30 the line direction between the home positions 

and predetermined print positions in the line di- 
rection; and 

a controller which, when a printing operation is 
to be performed in the line direction, positions 

35 the ink-jet heads at predetermined printing po- 

sitions in the line direction, performs printing by 
spraying ink while remaining stationary, and at 
a time when a printing operation is not about to 
take place, moves the ink-jet heads to home po- 

40 sitions, thus enabling the backup mechanism 

to protect and recover the nozzles. 

18. The image forming apparatus according to claim 
1 7, wherein a control mechanism is provided which 

45 controls the image forming mechanism according 
to one printing instruction from a host computer and 
transmits to the controller another instruction to 
make the ink-jet line printer start printing, which an- 
other instruction being included in the one printing 

so instruction. 

19. The image forming apparatus according to claim 
17, wherein the image forming mechanism is an 
electrophotographic mechanism. 

55 

20. The image forming apparatus according to claim 
17, wherein the printing medium is a continuous 

. form. 
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